The aim of this research is to study the possible use of plastered brick waste, tile waste, plastered waste as a partial substitute for the brick clay used in the brick production at laboratory and industrial scale. For laboratory scale studies, bricks specimens were prepared by using 100% brick clay; they were then replaced by plastered brick waste, tile waste, plastered waste at 10, 20, 30 and 40% by weight of brick clay. A series of tests was carried out to study the effect of using different wastes on the physical and mechanical properties of bricks. The results demonstrated that, it is possible to produce bricks containing 30% plastered brick waste, 30% tile waste and less than 10% plastered waste at optimum 900ºC firing temperature. In addition, industrial scale brick production was conducted by using laboratory scale optimum conditions. All physical and mechanical properties of the fired bricks comply with the total shrinkage, total weight loss (%), porosity (%), total dry unit volume weight (kgm -3 ), compression strength (Nmm -2 ) and water absorption amount (%) limits of Turkish standards and Brick Manufacturing Factory commercial products.
mortar, steel, rubble, stone (such as marble, granite, sandstone) and wood. Minor components are conduits, pipes, electrical fixtures, panels, glazed tiles and glass panels.
The successful use of C&D waste in the production of brick has been demonstrated by many researchers. The use of brick waste as raw material in brick production was investigated. For this purpose, brick fragments were added to Turgutlu clay in proportions of 5%, 10%, 15% and 20% and fired at 1000ºC for 140 minutes. Produced bricks which were produced by increasing amount of waste in raw materials, were compared with standard values and the most suitable waste admixture amount was determined to be 15% [1] .
Physical and mechanical properties of brick waste of four different brick factories, which are located in Central Anatolia region, were examined after being substituted to the brick clay. For this purpose, the obtained waste is ground in a ball mill for 3 hours and added to the brick clay, in proportions of 0%, 5%, 10%, 15%, 20%, 25% and 30%. It was found that the percentage of waste admixture affects the plasticity. As the percentage of waste admixture increases, the linear shrinkage decreases. In every group, the linear shrinkage remained almost stable between substitution amounts of 20% and 30%. Thus, it was accepted that it is not possible to produce bricks at 750ºC with 15%, 20%, 25% and 30% amounts of substitution and at 850ºC with 30% amount of substitution. However, for every group it was possible to produce bricks at 1050ºC with 5%, 10%, 15%, 20%, 25% and 30% amounts of substitution giving products of satisfactory physical and mechanical properties [2] .
Laboratory scale experiments and results of usage of brick fragments from Filyos Brick Factories in brick production are represented. Experimental studies consist of three steps. During the first step, brick fragments crushed down to 0.5 mm were added to brick mud, which was taken from the production line in amounts of 0%, 5%, 10% and 15%, mixed in double screwed mixer and shaped in a mold. During the second step, dried samples were sintered for 2 hours at two different temperatures (850ºC and 950°C). And during the third step, firing shrinkage, loss of ignition, water absorption and compressive strength tests were done to sintered samples. It was seen that the sintering temperature is in direct proportion to firing shrinkage. It was observed that as the temperature and the amount of admixture increases, compressive strength of samples also increases [3] .
The effect of using brick sludge in brick production was investigated. Compression strength of brick produced by using brick waste was measured. Mineralogical and thermal properties of original and waste bricks taken from Çorum region were examined. The study has shown that the addition of coarse and fine grained waste declines the plasticity of brick mixtures. Increasing the waste amount and sintering temperature decreased the shrinkage [4] .
In this study, we have investigated the usability of C&D wastes such as plastered brick, tile and plastered waste on laboratory and industrial scale brick production. For this purpose, brick clay provided from IKIZLER Brick Industry, (Kocaeli, Turkey) and different proportion of wastes, provided from İstanbul Metropolitan Municipality Environmental Management in Industry and Trade Inc. (ISTAC Inc.) were mixed and fired at different temperatures. Mechanical and physical properties of produced samples were compared with brick samples produced with 100% brick clay according to TS standards. Optimum mixture ratio and firing temperature values were used for industrial scale studies.
II. MATERIAL AND METHODS

A.
Materials Waste materials were collected from a local demolition site (ISTAC Co. Compost and Recovery Plant, Istanbul, Turkey). It should be noted that the exact source and age of the samples were unknown.
Plastered brick, tile and plastered waste were segregated from recyclable waste, i.e., steel, plastic, etc. at the source itself. Bigger pieces were crushed by a jaw crusher. Crushed waste was sieved to less than 3 mm in size. Brick clay (BC) was provided from IKIZLER Brick Factory.
After that, 1 tons of plastered brick waste (PBW), 1 tons of tile waste (TW) and 0.6 tons of plastered waste (PW) were transported to the Marmara Research Center for laboratory scale studies and 1.6 tons of plastered brick waste, 1.2 tons of brick waste and 0.8 tons of plastered waste were transported to the IKIZLER brick manufacturing plant site for industrial studies. Transportation distance from demolition site to brick manufacturing factory was less than 200 km.
B.
Measurements and characterization Grain size, humidity and theoretical density analyses were done by using Malvern Mastersizer2000 particle sizer, Precisa marka HA60 model equipment, Quantachrome 1000 model ultra pycnometer, respectively.
Ash amount (%) at 550ºC and ignition loss (%) at 1000ºC were determined by using TS EN 12879 [5] and BS EN ISO 3262-1 [6] standards. The waste materials (PBW, TW and PW) and BC were characterized by various complementary methods. X-ray diffraction (XRD) analysis of the red mud was done by PANalytical X'Pert Pro MPD diffractometer using CuKα radiation with a wavelength of 1.5418 Å. Data were collected in the 2θ range from 2 to 70º. Chemical analyses of brick clay and waste materials were carried out by using X-ray fluorescence technical (Philips PW-2404).
DTA/TG analysis was carried out by SEIKO ExStar 6300 analyzer from 25 to 100ºC with a heating rate of 10ºC/min. Radioactivity measurement of waste materials was determined by using gamma spectroscopy in Cekmece Nuclear Research Center of Turkey. Heavy metal content levels were determined by using acid extraction in ICP spectrometer.
On the other hand; there are different opinions in the literature and also in the legislation of different countries, that the toxic materials make the wastes hazardous. In Turkey, the PBW, PW and TW was evaluated according to the Annex III-B of Regulation on General Principles of Waste Management in Turkey (RGPWM, Official Gazette No: 26927, 2008). The general principles of the regulation include; waste management, from waste generation to disposal, so that the procedures are followed without harming the environment and human health.
III.
RESULTS AND DISCUSSION Physical properties and mineralogical analysis results of raw materials are given in Table 1 and Table  2 . The particle size distribution was quite wide and concentrated around 14-22 µm. The average particle sizes (d50) of PBW, TW, PW and BC were about 16, 22.2, 18.7 and 14 µm, respectively. Table  1 gives the particle sizes, theoretical and bulk densities, ash amount and also ignition loss of the waste materials. The density values of the raw materials were close to each other as around 1.15-1.26 g/cm 3 . Loss on ignition (LOI) implied in high weight loss of about 11.1-12.9% in PBW, PW and BC materials, and is mainly attributed to the presence of organic matter in these materials. According to the mineralogical analysis the following common crystalline phases were found: Quartz (SiO2), Calcite (CaCO3), Feldspar, Illite and Hematite (Fe2O3) for waste materials. A Not determined (ND) The raw materials chemical compositions are provided by Table 3 . According to said data, the waste sample contains a large amount of silica and to a lesser extent calcium oxide (CaO), alumina (Al2O3), iron oxide (Fe2O3), potassium oxide (K2O) and magnesium oxide (MgO). This result is consistent with the X-ray diffraction data (Table 2) . DTA/TG analysis for all wastes at 10ºC/min is given in Table 4 . In DTA/TG data, there were 2 basic endothermic peaks. The first one is observed in the range from 120 to 130ºC. The second endothermic peak is observed in the range from 750ºC to 770ºC. This loss corresponds to the physical water, oxidation of calcite and illite and CO 2 removes from the structure. According to the radioactivity results, "the amounts of the radioactive elements present in PBW, PW and TW are within safe limits in Turkey" ( Table 5 ). Construction and demolition wastes might be contain heavy metals because of paint, plaster, coating and insulation materials. In order to evaluate these wastes in different sectors, we have to determine heavy metal levels. Heavy metal levels were evaluated according to the asphalt, concrete, brick and cement sectors. In asphalt sector, there weren't any limitations about heavy metal concentrations in Road Technical Specifications. But, in cement sector Hg, Tl, Cd, and Cr elements were important and effected the clinker and cement productions. Due to the volatility of Tl and Hg, flue gas emissions are adversely affected. In Europe, Cr element must be maximum 2 ppm in cement. So, it was necessary to keep Cr value at 2 ppm in cement. In brick and concrete production, there is no limitation in terms of heavy metal content (Table 6 ). 
A. Studies on brick processing at laboratory scale
Initially, all the materials were dried at 110ºC. Each of the dried materials was mixed properly, and then samples were prepared by reducing with cone-quartering method. In order to reduce the size of the wastes down to approximately brick clay size, they were subjected to water milling. Each of three wastes which were dried and milled to the size of the original brick clay, were mixed with brick clay for experimental studies. Mixture was granulated by spraying water according to waste type. Ten set of experiments were done in order to determine optimum waste amount according to the coloration performance, mechanical and physical test results as presented in Table 7 . Table 7 
. Composition of wastes in mixtures (by weight)
Composition, wt (%) Sample Code
Mixtures were cast in cylindrical mold in a ratio of 1:2 (23 mm diameter:46 mm length) and pressed with 20-bar pressure. During the BR-PW20 mixture pressing, it was required to add more water.
Unfortunately, adhesion, properly pressed sample shape problems and cracks were observed on the surface of the pressed samples. Therefore, more than 10% of plastered waste was no longer usable for future brick production. Diameter, length and weight of pressed samples was measured with precision balance and caliper and then dried in a drying oven at 110ºC for 24 hours according to TS 4790 [7] . Various physical and mechanical tests such as color performance, total shrinkage, total weight loss, total dry unit volume weight, compression strength, water absorption and porosity were conducted to check the suitability of developed brick samples as recommended in TS and BIA standards. Based on mechanical and physical results, the optimum firing temperature was determined as 900°C.
BC
It was seen that the red color performance of the bricks was affected by the increase of the amount of waste. After adding more waste samples the red color got lighter as compared to the control BC sample. Mechanical and physical test results of samples fired at 900ºC were compared with TS EN 771-1 [8] and Brick Industry Association (BIA) [9] standard values are given in Table 8 . Our results show that the total shrinkage value is smaller than the standard value and it decreases in parallel with the substituted amount of waste. Contrary to shrinkage value, total weight loss increases depending on the increment of substituted amount of waste. The reason why the total weight loss is greater than the standard value is that the plastered brick waste, tile waste and plastered waste have a porous structure. The high amounts of absorbed water leave the waste during firing.
The increase in water absorption depending on the amount of mixture confirms this finding. The density decreases depending on the decrease of the mixture amount and a more massive structure is formed. Therefore the porosity goes up and this is the reason why the porosity is high by comparing to standard sample limit values Compression strength values of samples decreases depending on increase in mixture amount, after a certain amount it goes out of standard value. Another important subject is that waste and brick clay have plastic properties in the mixture. Brick dough should get plastic property when water is added and it should maintain this property for a while.
To purify waste and brick clay, it is required to add more water to the mixture. Increase of water amount is tolerable until a certain point but after that point it goes out of standard values. According to the laboratory scale results, the highest substitution proportion of plastered brick was determined as 30%. Since a 40% mixture proportion goes out of standard values or it stays at a close value, it is decided that both 30% and 40% mixture proportions of plastered brick should be worked in industrial scale studies.
Based on experimental studies by using tile waste, it is recommended to add tile waste up to 20% to the mixture since results of 20% substitution of tile waste were in scope of standard values. However, it is decided to make industrial scale studies for both 20% and 30% proportions because 30% mixture proportion goes out of standard values or it stays at a close value.
Although experimental studies by using plastered waste did not show positive results, a 10% mixture proportion gave results close to standard values. Therefore, for industrial scale studies a 10% mixture proportion should be used.
B. Brick processing at industrial scale
The feasibility of plastered brick, tile and plastered waste addition to brick clay was investigated in the industrial production of IKIZLER Company commercial 13.5 vertical perforated brick. Unfortunately, during the usage of plastered waste containing mixtures in the production line, some problems occurred such as increased need for water, adhesion to the mold, long firing time and high temperature.
Therefore the use of plastered waste containing mixtures at industrial scale production is not recommended.
The formed bricks were then removed from the molds and cured under specified conditions as follows: the bricks were cured in air at room temperature for 3 days, and then fired for 4 days. A total of 1000 samples were produced and randomly selected 10 samples were tested. Mechanical and physical test results of samples compared with TS 771-1 and BIA standard values are given in Table  9 . 30% tile waste containing samples dimension values (length: l, width; w, height; h) were more than IKIZLER company commercial product dimension values. But, this situation has not caused a problem in terms of production.
The amount of water increases as the tile waste amount increases up to 40%. Unfortunately, 40% tile waste containing mixture has blocked the mold and bad shaped bricks were produced. Therefore it was decided not to use the 40% percentage tile waste at industrial scale production.
The results showed that the replacement of brick clay by plastered brick waste at the levels of 30% has good effects on the compressive strength of the bricks. The mechanical and physical values were compatible with standard IKIZLER brick, TS and BIA standards. As the amount of plastered waste increases similar results were obtained with the tile waste containing bricks. A 40% plastered waste containing mixture has blocked the mold and bad shaped bricks were produced. Therefore it was decided not to use the 40% percentage tile waste at industrial scale production. Photograph of the final brick specimens are given in Fig. 1 . IV. CONCLUSION The possibility of using C&D wastes such as plastered brick, tile and plastered waste as a replacement of brick clay has been investigated in this study Based on the various test results on production of bricks from waste materials, the following conclusions can be drawn: 1. The reuse of plastered brick, tile and plastered waste in the development of new brick material solves some of the issues of C&D waste management as well as contributes to the increasing demand for construction materials in a sustainable way. Results of laboratory scale studies showed that, 2. Recycling of plastered brick, tile and plastered waste for the production of brick has revealed good potential as a substitute for brick clay. These waste materials can be used up to 40 percent as a replacement of brick clay in brick production. 3. Red color performance of the bricks was affected by the added waste amount. After adding more waste the samples red color gets lighter than to BC sample. 4. With an increase in the proportion of waste materials to brick clay, the total shrinkage % and the total dry unit volume weight % decreased. 5. Increase in waste amounts resulted in increment of water absorption amount % and porosity % values. Because of the brick plastered waste, tile waste and plastered waste porous structure total weight loss % was increased with an increase percentage of wastes. 6. According to the results, substitution proportion of plastered brick, tile and plastered waste is decided as up to 40%, 30% and 10%, respectively. Results obtained by studies done on industrial scale showed that; 7. The recommended results on an industrial scale indicated successful production of waste containing bricks. 8. The replacement of brick clay by plastered brick waste and tile waste at the levels of 30% has good effects on the compressive strength of the bricks. The mechanical and physical values were compatible with standard IKIZLER brick, TS and BIA standards. 9. It will be possible to use plastered waste and tile waste in construction industry instead of brick clay with a great benefit to the environment and the economy.
Fig. 1. Photograph of the final brick specimens
